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(54) Optical code reader 



(57) The method for connpensating undesired vari- 
ations in an electrical signal (V[|v)) generated by a sensor 
(4) of an optical code reader (1 ) comprises the steps of 
generating an envelope signal (Ve^^v) starting from the 
electrical signal generated by the sensor (4) and nor- 
malizing the electrical signal with respect to the enve- 
lope signal. Preferably, the envelope signal (V^i^jv) is fil- 
tered with a low-pass filter (31 ; 51 ) before being normal- 
ized so as to eliminate steps and edges which may 



cause distortions during normalization, and the nonmal- 
ized signal (Vf) is amplified in a controlled way so as to 
supply an output signal (v^) ranging between two values 
having preset amplitudes. Normalization is earned out 
by dividing, point by point, the electrical signal by the 
envelope signal, In the case of continuous analog 
processing; alternatively, in presence of discrete-time 
signals, normalization is canied out by subtracting the 
envelope signal from the electrical signal. 
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Description 

[0001 ] The present invention regards a method and a 
device for cooipensating undesired variations in an 
etectrtcal signal generated by an optical code reader. s 
[0002] Optical code-reading systems are known and 
comprise: an Illumination system which has the aim of 
generating and directing a light beam towards an optical 
code, for example a bar code; an opticai group (gener- 
ally comprising a lens system) which has the aim of col- io 
lecting and focusing the light diffused by the optical 
code; a linear or two-dimensional sensor - for example, 
a CCD (charge-coupled device) sensor or a CMOS sen- 
sor • which has the aim of convening the optical signal 
into a continuous-time or discrete-time analog electrical 
signal; an interface which carries out analog preproc- 
essing, of the signal generated by the sensor so as to 
reduce the noise and generate a signal compatible with 
the downstream stages; an analog/digital converter 
which converts the analog signal received into binary 20 
form and transforms tt into a succession of digital pulses; 
and a decoding system which processes the succession 
of digital pulses so as to extract the coded information 
from the optical code and output it in a form usable by 
processing electronic devices connected downstream 25 
or by display devices. 

[0003] In reading systems there exists a high variabil- 
ity of the light signal detected by the sensitive surface 
of the sensor, In the absence of the optical code. This 
variability is due to the illumination conditions (the light 30 
generated by the illumination system is never constant 
over the entire illuminated surface, environmental light 
is variable, tight reflections may be present, etc.), to the 
characteristics of the optical devices that receive the 
light, to the type of read code (in particular as regards 35 
contrast, i.e., the ratio between the code color and the 
background color, and the form of the code), to the sen- 
sor sensitivity characteristics (for example, characteris- 
tics due to the sensor dynamics which in certain cases 
may give rise to distortions), and to the reflectance of 40 
the surface on which the code is printed. 
[0004] For example, in linear-type sensors, this vari- 
ability in luminosity results in a variability of the electrical 
signal along the scanning line, a variability that affects 
the amplitude of the signal supplied to the interface, thus <5 
affecting decoding of the code. This may limit the relia- 
bility and operativeness of the reading system, for ex- 
ample in the case of poor or excessive illumination and 
in reading at a distance. Consequently, the above dis- 
cussed luminosity variability, not depending on the so 
code, represents a drawback that it is desirable to over- 
come. 

[0005] (n order to provide a partial solution to this 
drawback, at least as regards the variability due to the 
illumination system, it is possible to use complex illumi- 55 
nation systems that are able to guarantee high illumina- 
tion unifonnity. Such a solution, however, involves a 
considerable increase in the cost of the optical code 



reader, 

[0006] The aim of the present Invention is therefore to 
provide a method and a device that ere able to eliminate, 
or at least to reduce as much as possible, the variations 
in the electrical signal of the sensor that are not due to 
the code and that are hence undesirable, Independently 
of the origin of such variations, at contained costs. 
[0007] According to the present invention, a method 
is provided for compensating undesired variations in an 
electrk:al signal generated by a sensor of an optical 
code reader, characterized by the steps of generating 
an envelope signal starting from said electrical signal 
and normalizing said electrical signal with respect to 
said envelope signal to obtain a normalized signal. 
[0008] Advantageously, the envelope signal is filtered 
with a low-pass filter before normalization. In addition, 
the normalized signal is amplified in a controlled way to 
supply an output signal that may range between a first 
preset amplitude value and a second preset amplitude 
value. 

[0009] Normalization is earned out by dividing, point 
by point, the electrical signal by the envelope signal. Al- 
ternatively, in order to simplify the processing circuit, 
normalization may be earned out by subtracting the en- 
velope signal from the electrical signal. 
[0010] The invention further refers to a device for 
compensating undesired variations in an electrical sig- 
nal generated by a sensor of an optical code reader, said 
device having an input tenminal receiving said electrical 
signal, characterized by an envelope-generating stage 
receiving said electrical signal and generating an enve- 
lope signal, and a normalization stage normalizing said 
electrical signal according to said envelope signal and 
outputting a normalized signal. 
[0011] In particular, the envelope-generating stage 
comprises a peak detector and is followed by a low-pass 
filter. The normalization stage comprises an analog di- 
vider or a subtracting element. 
[0012] According to the present invention, an optical 
code reader is moreover provided which comprises a 
sensor having an output supplying an electrical signal 
representative of the luminosity detected by the sensor, 
characterized by a device compensating undesired var- 
iations of said electrical signal, said device being con- 
nected to said output of said sensor. 
[0013] Further characteristics of the invention will be 
clear from the description of preferred embodiments, il- 
lustrated purely as non-limiting examples, with refer- 
ence to the attached drawings, wherein: 

Figure 1 is a block diagram of an optical reader In- 
corporating a compensation device according to the 
present invention; 

Figure 2 shows the plots of electrical quantities for 
the compensation device of Figure 1; 
Figure 3 is a block diagram of a first embodiment of 
the compensation device according to the inven- 
tion; 
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Figure 4 shows a detailed circuit diagram of the de- 
vice of Figure 3; 

Figures 5a, 5b, and 5c show the plots of electrical 
quantities taken on the diagram of Figure 3, for a 
first optical code; 

.Figures 6a and 6b shpw the plots of electrical quan- 
tities taken on the diagram of Figure 3, for a second 
optical code; 

Figure 7 illustrates a block diagram of a second em- 
bodiment of the compensation device according to 
the invention; and 

Figures Ba, 8b, 8c and 8d show the plots of electrical 
quantities taken on the diagram of Figure 7. 

[0014] A general diagram of a reading system incor- 
porating the present compensation device is shown in 
Fig. 1, wherein the reading system (designated as a 
whole by 1) comprises an Illuminating system 2, an op- 
tical group 3, a sensor 4, an illumination compensating 
device 5, an analog processing and A/D converting 
block 6, and a decoding system 7. In the reading system 
1 , the illuminating system 2 generates a light beam 10 
directed towards an optical code (in Figure 1 , a bar code 
11); the light beam 10 illuminates the optical code and 
gives rise to a diffused radiation 12, which is collected 
and focused by the optical group 3 and converted into 
an electrical signal v(t) by the sensor 4. The sensor 4 
can be of a linear type (for example, of CCD or CMOS 
type) and comprise a plurality of sensitive elements ar- 
ranged linearly (in which case the light beam 1 0 can per- 
form a plurality of scans along directions that are mutu- 
ally parallel), or of two-dimensional type, in which case 
the electrical signal generated by the sensor con-e- 
sponds to the entire optical code. 
[0015] The illumination compensating device 5 has 
the function of normalizing the electrical signal v(t) so 
as to cause the peak amplitude of the electrical signal v 
(t) to be linear, and more in particular constant, so that 
the variations in the normalized signal, indicated in Fig- 
ure 1 by v,(t). represent, as far as possible, the optical 
code 10 alone. 

[0016] To this end, the Illumination compensating de- 
vice 5 relates the electrical signal v(t) to its envelope. In 
particular, according to one first aspect of the invention, 
the electrical signal v(t) is divided, point by point, by its 
envelope, by calculating a local contrast function K (t) 
defined as 



K(f) = 



wherein Vf^^pls a reference value that may coincide with 
the minimum value of the signal in the absence of illu- 
mination. 

[0017] As shown in Figure 2. the local contrast func- 
tion K(t) calculated as indicated above is equal to 1 in 
the region of the background (wherein the signal v(t) co- 



incides with the envelope), and ranges between a pos- 
itive value and 1 in the region of the optical code. In par- 
ticular, in the variable region, the local contrast signal K 
(t) reproduces the luminosity variations due to the alter- 
^ nation of bars and spaces forming the code. Conse- 
quently, at least to a first approximation, the local con- 
trast signal K(t) is compensated with respect to the lu- 
minosity variations of the background and can be used 
for digitization and extraction of the optical information. 
JO [0018] Indeed, the envelope signal Vf^yy represents 
the hypothetical signal obtained, In the same operating 
conditions, in the absence of the optical elements con- 
taining the coded information, i.e., the luminosity of the 
printing medium (background) alone. By calculating the 
'5 ratio, point by point, between the envelope signal V^f^y 
and the input signal v(t), a normalization operation is 
pertonmed that enables the useful part of the signal (due 
to the optical code) to be highlighted. The nonnalization 
operation thus yields a value of the ratio K(t) = W = 1 for 
20 all the "lighr elements, and a value K(t) = B, with 0 < B 
< 1 for the dark elements of the code. The difference W 
- B can be considered as the measure of the contrast 
between the various elements, and being defined as a 
ratio, is independent of the absolute luminosity of the 
2S elements and hence of the illumination conditions and 
is optima! for the subsequent processing aimed at ex- 
tracting the optical information. 
[0019] Figure 3 shows a block diagram of a first em- 
bodiment of the illumination compensating device 5 
30 which operates according to the principles stated above 
and is particularly suited for a CCD-type sensor 4 (Fig- 
ure 1) issuing an input signal V,N(t). 
[0020] The illumination compensating device 5 of Fig- 
ure 3 comprises an envelope detecting stage 20 receiv- 
es ing the input signal 7,^,(1) and outputting an envelope 
signal V^^^y; a first subtracting node 21 arranged down- 
stream of the envelope-detecting stage 20 and intended 
to subtract, from the envelope signal Vgigy, a reference 
value Vrep to obtain a first signal Vi(t); a second sub- 
40 tracting node 22 intended to subtract, from the input sig- 
nal V,N(t), the reference value Vpgp to obtain a second 
signal V2(t); a divider stage 25 receiving as input the first 
signal Vi(t) and the second signal V2(t), and outputting 
a compensated signal V,(t) equal to Vi(t) / V2(t); a nor- 
4S malization-to-one stage 26, which amplifies the com- 
pensated signal Vf(t) so that its portion corresponding to 
the optical code ranges between a first preset value, in- 
dicated by "0" (corresponding to a bar of the code.), and 
a second preset value, indicated by T (corresponding 
50 to a space of the code). 

[0021 ] An embodiment of the illumination compensat- 
ing device 5, without the normalization-to-one stage 26, 
is shown in Figure 4, wherein the envelope-detecting 
stage 20 comprises a peak-detecting circuit 30 and a 
S5 low-pass fitter 31 . In detail, the peak-detecting circuit 30 
basically comprises a diode 34 and a capacitor 35, in a 
per se known manner, and further comprises a first op- 
erational amplifier 36 having the aim of eliminating the 
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effect of the voftage drop on the diode 34 and generating 
a peak voltage Vp which follows exactly the peaks of sig- 
nal Vij^(t), and a second operational amplifier 37 oper- 
ating as buffer. The low-pass f ifter 31 , which has a stand- 
ard structure, has the aim of eliminating steps that could s 
create distortions during the division performed by block 
25. 

[0022] Each subtracting node 21 and 22 comprises, 
in a per se known manner, a respective operational am- 
plifier 38a, 38b in inverting configuration. The divider io 
stage 25 comprises a pair of NPN-type bipolar transis- 
tors 39a, 39b, a multiplier-to-one 40, and a current-to- 
voltage converter 41 . In detail, the bipolar transistor 39a 
has Its collector terminal receiving the input signal Vt^^ 
(t), its base temaina) connected to the output of the sec- 
ond subtracting node 22. and its emitter temninal con- 
nected to the output of the muttiplier-to-one 40. The bi- 
polar transistor 39b has its collector terminal connected 
to the input of the current-to-voltage converter 41 , its 
base terminal connected to the output of the first sub- 20 
tracting node 21, and its emitter terminal connected to 
the emitter terminal of the bipolar transistor 39a. Both 
the multiplier-to-one 40 and the current-to-vottage con- 
verter 41 comprise a respective operational amplifier, 
appropriately connected, in a per se known manner. 2s 
[0023] Figures 5a-5c and 6a-6b show the plots obtain- 
able with the illumination compensating device 5 of Fig- 
ure 4 for two different acquisitions. In particular, Figure 
5a shows the plots of two different input signals V,N(t) 
and the corresponding peak signals Vp(l) at the output so 
of the peak-detecting circuit 30; Figure 5b shows the plot 
of the filtered signal Vgf^tt) at the output of the low-pass 
filter 31 ; and Figure 5c shows the plot of the output signal 
V|(t) at the output of the divider stage 25, Figures 6a and 
6b show the plots of similar signals in case of very 35 
marked compensation of the luminosity variation. 
[0024] Figure 7 shows a second embodiment of the 
illumination compensating device 5, of a type operating 
in discrete-time mode, which can be advantageously 
used with a CMOS-type optical sensor and outputs sam- 
pled signals, wherein each sample corresponds to a pix- 
el. In this situation, advantageously, the illumination 
compensating device 5 can be implemented using the 
switched -capacitor technique. 

[0025] Inparticular, in the embodiment of Figure 7, the ^5 
comparison between the envelope signal and the input 
signal is implemented as a subtraction, which can be 
easily perfomned with the swrtched-capacitor technique, 
and in any case yields a good compensation. 
[0026] In detail, the illumination compensating device so 
5 comprises an envelope-follower stage 50 receiving 
the input signal, here designated by in(n) and supplied 
in sampled form by the sensor 4 of Figure 1 , and gen- 
erating at the output an envelope signal foll(n), a low- 
pass fitter 51 arranged downstream of the envelope-fol- ss 
lower stage 50 and generating a filtered signal env(n): 
a digital delay line 52 receiving the input signal in(n) and 
outputting the delayed input signal d(n); a subtracting 



node 53 connected to the output of the low-pass filter 
51 and to the output of the digital delay line 52 and out- 
putting a nomialized signal flat(n); a programmable-gain 
amplifier 54 having a signal input receiving the normal- 
ized signal flat(n) and a control input receiving a gain- 
control signal A and supplying at the output the compen- 
sated output signal out(n)', a peak-detecting stage 55 
receiving at the input the normalized signal fiat(n) and 
supplying at the output a peak signal peak(n)\ a sampte- 
and-hotd stage 56 connected downstream of the peak- 
detecting stage 55 and generating a gain-selection sig- 
nal \/g(n); and a stored table 57 receiving the gain-se- 
lection signal vg(n) and generating the gain-control sig- 
nal A. 

[0027] The envelope-follower stage 50 calculates the 
envelope signal iotl(n) by canrying out the following op- 
erations: 

toU(n) = m/n (pks1(n) + Kf, max(foll(n'1), pks1(n))) 
where 

pks1(n) = max (pksl(n-l) - K2, in(n)), 

pks^ (0) = in(0), and 

K1, K2 are two appropriate constants. 

[0028] The low-pass filter 51 is of a linear-phase, sec- 
ond-order type. Like the circuit 31 of Figure.4, this fitter 
has the aim of eliminating the edges (i.e., rapid varia- 
tions) present in the envelope signal 1oll(n}, which would 
introduce distortions in performing the normalization 
(subtraction) operation. 

[0029] The digital delay line 52 has the aim of com- 
pensating the delay introduced by the low-pass filter 51 
on the envelope signal 1olt(n}. The delayed signal d(n) 
is thus equal to the input signal m(n), but temporally 
aligned with the envelope signal folt(n). Thereby, it is 
possible to limit distortion in performing nonmalization. 
[0030] The programmable-gain amplifier 54, together 
with the peak-detecting stage 55, the sample-and-hold 
stage 56, and the stored table 57 fomn an amplification 
system supplying an output signal out(n) having a preset 
amplitude, as required by the subsequent signal- 
processing blocks. In particular, for execution simplicity, 
the gain value A is not variable in a continuous way but 
is selected among n suitable values. 
[0031 ] Specifically, the amplification values A^ have a 
geometrical progression of the type: A„ = A^,X = A^jXS 
= ,... = AqX" 
wherein 




[0032] Thereby, the ratio between each level of am- 
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every n lines, and then derive by interpolation the values 
useful for normalizing the intermediate rows. 

5 Claims 

1 . A method for compensating undesired variations in 
an electrical signal (Vti^; in(n)) generated by a sen* 
sor (4) of an optical code reader (1 ), characterized 

10 by the steps of generating an envelope signal 
(^ENv* foll{n)) starting from said electrical signal and 
normalizing said electrical signal with respect to 
said envelope signal to obtain a nomnalized signal 
(V,; flat(n)). 

IS 

2. The method according to Claim 1 , characterized by 
the step of filtering said envelope signal (V^j^; foil 
(n)) with a low-pass filter (31 ; 51) before said step 
of normalizing. 

20 

3. The method according to Claim 1 or Claim 2, char- 
acterized by the step of amplifying said normalized 
signal (Vf; flat(n)) in a controlled way to supply an 
output signal (V^; out(n)) of preset amplitude. 

25 

4. The method according to Claim 3, characterized in 
that said step of amplifying In a controlled way com- 
prises the steps of: detecting a peak value (peak(n)) 
of said normalized signal (flat(n)); selecting a gain- 

30 control signal (A) as a function of said peak value; 
and multiplying said normalized signal (flat(n)) by 
said gain-control signal (A). 

5. The method according to any of Claims 1 -4, char- 
ts acterized in that said step of nomializing comprises 

the step of dividing said electrical signal (V,fg) by 
said envelope signal O/^f^). 

6. The method according to Claim 5, characterized in 
<o that said electrical signal (V,n; (n(n)), said envelope 

signal (V^f^; foll(n)), and said normalized signal 
(V,; flat(n)) are continuous-time signals. 



pliftcation and the subsequent one is constant. 
[0033] Assuming that the reader operates In a contin- 
uous way. i.e., processing the scans acquired on the op- 
tical code in sequence, the amplification value is set at 
each scan on the basis of the information obtained from 
the previous scan. 

[0034] In particular, on the basis of the peak value Vp 
of the nth scan, detected by the peak-detecting stage 
55, the amplification value A„ is selected con^esponding 
to the interval v, - Vj^^ containing the gain-selection sig- 
nal vg(n) corresponding to the detected peak value peak 
(n). 

[0035] This solution enables nonnalization lo 1" of 
the signal, where the value "1 ' indicates a preset ampli- 
tude of the signal. In practice, the peak detector 55 de- 
termines the distance of the darkest pixel from the black 
level and amplification is chosen in such a way that the 
darkest pixel has zero amplitude, and the lightest pixel 
has the normalized amplitude 1 . In this way, the widest 
possible dynamics is achieved for the compensated sig- 
nal out(n), 

[0036] Figures 8a, 8b. 8c, and Bd show an example 
of a detected optical code, and the con-esponding plots 
of the Input signal in(n), envelope signal env(n), normal- 
ized signal flat(n), and final compensated signal out(n), 
[0037] The advantages of the described method and 
device are evident from the above. In particular, it is em- 
phasized that they enable ample compensation of the 
variations in the electrical signal (with the exception of 
those due to the coded optical infomnation), irrespective 
of the cause of such variations (illumination system, op- 
tical group, environmental conditions, code type. etc.). 
In particular, they are not influenced by the capacity of 
any given illumination system for producing uniform il- 
lumination on the code, and enable saving of illumina- 
tion energy by the illumination system, thanks to an ap- 
propriate amplification of the detected signal. 
[0038] With the embodiment of Figure 7 it is moreover 
possible to integrate, in a same CMOS device, the sen- 
sor 4, the Illumination compensating device 5 and the 
downstream processing devices, such as the digitiza- 
tion circuit, circuits interfacing with other electronic de- 
vices used in optical-code reading apparatus, or devices 
that communicate with the optical code readers them- 
selves. 

[0039] Finally, it is clear that numerous modifications 
and variations may be made to the method and device 
described and illustrated herein, all falling within the 
scope of the invention, as defined in the attached claims. 
In particular, it is stressed that final nomnalizalion "to 1", 
albeit advantageous, is not indispensable. In addition, 
the described method can be used not only for linear 
sensors, but also for two-dimensional (2D) sensors. In 
particular, for this purpose, it is possible to analyze the 
two-dimensional image row by row, repealing the 
processing described for each row and reconstructing 
the image with the "normalized" rows. 
[0040] Altematively, it is possible to nonmalize one line 



7. The method according to Claim 5 or 6, character- 
ized by the step of summing a reference value 
(Vref) ^0 said envelope value (V^mv) and said elec- 
trical signal (V,^). 

8. The method according to any of Claims 1-4, char- 
acterized in that said step of nomnalizing comprises 
the step of subtracting said envelope signal (foll(n)) 
from said electrical signal (in(n)). 

9. The method according to-Claim 8, characterized in 
that said electrical signal (in(n)), said envelope sig- 
nal (foll(n)). and said normalized signal (flat(n)) are 
discrete-time signals. 
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10. The method according to Claims 3 and 8 or 9, char- 
acterized by the step of delaying said electrical sig- 
nal {in(n)) before subtracting it from said envelope 
signal. 

5 

11 . A device (5) for compensating undesired variations 
in an electrical signal generated by a sensor (4) of 
an optical code reader, said device (5) having an 
input terminal receiving said electrical signal, char- 
acterized by an envelopegenerating stage (20; 50) io 
receiving said electrical signal and generating an 
envelope signal, and a normalization stage (25; 53) 
nonnalizing said electrical signal according to said 
envelope signal and outputting a normalized signal, 

15 

12. The device according to Claim 11 , characterized in 
that rt comprises a low-pass fitter (31 ; 51) an^nged 
downstream of said envelope-generating stage (20; 
50). 

20 

13. The device according to Claim 11 or 12, character- 
ized by controlled-gain amplifier means (26; 54) re- 
ceiving said normalized signal and generating an 
output signal ranging between a first preset and a 
second preset amplitude value. 25 

1 4. The device according to any of Claims 11-13, char- 
acterized in that said envelope-generating stage 
(20) and said nomnalization stage (25) are continu- 
ous-time circuits. 30 



ized by programmable-gain amplifier means (54) 
connected to an output of said normalization stage 
(53) and having a control input receiving an ampli- 
fication control signal; peak-detecting means (55, 
56) receiving said normalized signal and outputting 
a peak-amplrtude value of said normalized signal; 
and selecting means (57) generating said amplifi- 
cation control signal as a function of said peak-am- 
plitude value. 

21. The device according to Claim 20, characterized in 
that said peak-detecting means comprise a peak 
detector (55) and a memory element (56), that are 
cascade-connected; and in that said selecting 
means comprise memory-correlation means (57) 
storing different values of said amplification-control 
signal as a function of intervals of said peak-ampli- 
tude value of said nomnalized signal. 

22. An optical code reader-(l) comprising a sensor (4) 
having an output supplying an electrical signal rep- 
resentative of the luminosity detected by the sensor, 
characterized by a device (5) for compensating un- 
desired variations of said electrical signal according 
to any of Claims 10-20, said device being connect- 
ed to said output of said sensor (4). 



15. The device according to Claims 11-14, character- 
ized in that said envelope-generating stage (20) 
comprises a peak-detecting circuit (30) and said 
normalization stage (25) comprises an analog divid- 35 
er circuit. 



16. The device according to Claim 14 or 15, character- 
ized by a first subtracting node (21) for subtracting 

a reference value from said electrical signal, and a ^o 
second subtracting node (22) for subtracting said 
reference value from said envelope signal. 

17. The device according to any of Claims 11-13, char- 
acterized in that said envelope-generating stage ^5 
(50) and said nomnalization stage (53) are circuits 
operating in discrete-time mode. 



18. The device according to any of Claims 11-13, 17, 
characterized in that said normalization stage (53) so 
comprises a subtracting node for subtracting said 
envelope signal from said electrical signal. 

1 9, The device according to Claim 1 8, characterized by 

a delay line (52) arranged between said input ter- 55 
minal and said subtracting node (53). 



20. The device according to Claim 18 or 19, character- 
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